added into the mixture. A white precipitate was formed after stirring overnight. The white precipitate was filtered out under vacuum, which is followed by washing with 2 mL of ethanol three times. This precipitate was confirmed to be P 2 Ph N 2 C6H4PSO3Na with 1 H NMR, 13 
Photochemical Hydrogen Generation
In a general process, a certain amount of NiS stock solution (4.0×10 −3 M in H 2 O) was added to a 8.
X-ray absorption spectroscopy
The steady-state XAS experiments was performed at 12BM-B of the Advanced Photon Source at Argonne National Laboratory. The samples were oriented at standard 45° incident angle to give equal X-ray footprint and penetration depth at each sample thickness for fluorescence mode detection with 13-element germanium solid-state detector. Three ion chambers were configured to detect incident X-ray flux, transmission through the sample, and then transmission through a Ni reference foil for energy calibration. 1s-4p Figure S5 . The comparison of X-ray absorption near edge structure spectra of NiS based photocatalytic system before and after catalysis.
Femtosecond absorption spectroscopy
The femtosecond absorption spectrometer is based on a regenerative amplified Ti-Sapphire laser system (Solstice, 800nm, < 100 fs FWHM, 3.5 mJ/pulse, 1 KHz repetition rate). The tunable pump is generated in TOPAS which has output with tunable wavelength ranging from 254 nm to 1100 
Estimation of Energy Transfer Rate from CdSe QDs to AA
We estimated the energy transfer rate from excited CdSe QDs to AA using Förster resonant energy transfer (FRET) model described elsewhere. 1,2 The Förster radius (R 0 ) is the distance at which energy transfer is 50% efficient and is given by: Å 
